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In this thesis, the spin-orbit phenomena, mainly about SOT and DMI in various 
magnetic multilayers and superlattices are investigated. The spin torque generated by the 
charge-to-spin conversion can be investigated by means of AC harmonic voltage measurement. 
On the other hand, the DC electrical measurement with sweeping the magnetic field allows us 
to quantify the DMI in the films possessing PMA.  
In the first part, the SOT in Pt/GdFeCo with varying ambient temperature was 
investigated. GdFeCo is a ferrimagnet which possess magnetization compensation temperature, 
giving rise to the no net magnetization. The SOT in this bilayers system is driven by the spin 
Hall effect from the bottom Pt layer. A rapid increase of SOT around TM is observed. In the 
framework of the conventional spin torque theory, spin orbit effective field should be inversely 
proportional to the net magnetization of GdFeCo. The results therefore could suggest that the 
reduction of the net magnetization of GdFeCo is the main factor of the SOT increase. It turns 
out that the damping-like torque efficiency simply scales with the total magnetization and is 
constant at all experimental temperature range. 
The second and the third chapters were dedicated to investigate SOT and DMI in 
inversion asymmetric artificial superlattices (ABC-type) system. The superlattices with three 
different elements were expected to exhibit various spin-orbit phenomena due to the lack of 
inversion asymmetry in the whole structure.  
In the second chapter, SOT in non-centrosymmetric [Pt/Co/W]-SL was studied. In this 
SL, two different crystal structures [face-centered cubic Pt and A15 structured BCC-W(] 
composed of few atomic monolayers are in contact with 6 Å FCC Co layers, giving ri
se to a fully broken inversion symmetry for the whole structure. We demonstrated that 
the both DL and FL torque increase with W thickness up to 0.6 nm and have maximum at this 
specific thickness. The maximum charge-to-spin conversion efficiency in [Pt/Co/W(0.6)]-SL is 
calculated as ~ 0.42 for the DL-SOT and ~ 0.59 for the FL-SOT, respectively. It turns out that 
the spin Hall angle in the inversion asymmetric superlattice is larger than that of symmetric 
case (i.e., [Pt/Co]-SL). When the Pt thickness varies in [Pt/Co/W(0.6)]-SL, the both torques 
are dropped at 2 nm of Pt thickness. The change of the SOT with the thickness variation in W 
and Pt cannot be explained by the bulk spin Hall effect.  
On the other hand, the XRD gave us a clue about the change of SOT in the artificial 
superlattices. When the W thickness is varied, the Pt/Co (111) crystallinity deduced from the 
intensity of Pt/Co (111) peak has a maximum at W(0.6). The trend of crystallinity at the Pt/Co 
interface observed in [Pt/Co/W]-SL coincides with that of effective spin Hall angle. Moreover, 
  
the out-of-plane strain relaxation at the Pt/Co interface is observed when the Pt thickness 
increases more than 1 nm. This strain relaxation in the out-of-plane direction also matches 
with the sudden diminished SOT in [Pt(2)/Co/W]-SL. Therefore, we can conclude that Pt/Co 
(111) crystallinity and the accumulated strain due to the different lattice parameter of Pt and 
Co increase the SOT in [Pt/Co/W]-SL. Therefore, it clearly shows that the interface properties 
affect to the magnitude of SOT which implies that the improved SOT in the inversion 
asymmetric superlattice can originate from the Rashba-Edelstein effect rather than the bulk 
spin Hall effect.  
The relation between the orbital moment and SOT is studied by utilizing XMCD 
spectra. The XMCD spectra measured at two distinct angles (0º and 70º) allows us to quantify 
the orbital moment to the effective spin moment. It is found that the anisotropic orbital 
hybridization occurs in the [Pt/Co/W]-SL. The 0.6 nm of W insertion maximizes orbital 
hybridization in the perpendicular direction. The trend of perpendicular orbital hybridization 
matches with that of SOT. The perpendicular orbital moment and the FL-SOT which is known 
as the main contribution from the Rashba-Edelstein effect are scaled. It is found out that there 
is a positive relation between FL-SOT and perpendicular orbital moment. On the other hand, 
the deviation of [Pt/Co]-SL from the positive relation indicates that Pt/Co and Co/Pt interfaces 
are distinct. Thus, we concluded that the SOT enhancement in non-centrosymmetric 
[Pt/Co/W]-SL is caused by the anisotropic orbital hybridization resulting in improving Rashba-
Edelstein effect through asymmetric electronic structure at the interface. 
In the third chapter, the relation between DMI and PMA was studied in the SL with 
and without inversion symmetry, in the [Co/Pt], [Co/Pd], and [Co/Pd/Pt]-SL, respectively. In 
the series of SL, we change the various parameters in the SL, namely, the Co thickness, 
repetition numbers, and heavy metal thickness. As varying Co, the DMI energy (D) has a peak 
at the specific Co thickness where the interfacial anisotropy energy (KS) starts to be saturated. 
The DMI is larger in the sample possessing inversion asymmetry which is consistent with the 
previous studies. However, the DMI is sizable even in the symmetric samples, implying that 
the two interfaces are not identical in the symmetric superlattices. It is found that the KS and D 
have a positive relation, suggesting the KS and D share the same origin.  
In cases of increasing repetition numbers and heavy metal thickness, both the D and 
effective anisotropy energy (Keff) are enhanced. Moreover, the D and the Keff  are turned out to 
have a positive proportionality in both cases. The positive proportionality may come from the 
superimposing of the interface effects when the repetition numbers increase. For varying the 
heavy metal thickness, the increase is possibly due to the enhancement of the SOC which is the 
mainly associated with the DMI energy and anisotropy energy.  
  














































要旨公表可能日：     年   月   日以降 
